C57BL/6 (B6) mice subjected to a high-fat diet develop metabolic syndrome with obesity, hyperglycemia, and insulin resistance, whereas 129S6/SvEvTac (129) mice are relatively protected from this disorder because of differences in higher basal energy expenditure in 129 mice, leading to lower weight gain. At a molecular level, this difference correlates with a marked higher expression of uncoupling protein 1 (UCP1) and a higher degree of uncoupling in vitro in mitochondria isolated from muscle of 129 versus B6 mice. Detailed histological examination, however, reveals that this UCP1 is in mitochondria of brown adipocytes interspersed between muscle bundles. Indeed, the number of UCP1-positive brown fat cells in intermuscular fat in 129 mice is >700-fold higher than in B6 mice. These brown fat cells are subject to further up-regulation of UCP1 after stimulation with a ␤3-adrenergic receptor agonist. Thus, ectopic deposits of brown adipose tissue in intermuscular depots with regulatable expression of UCP1 provide a genetically based mechanism of protection from weight gain and metabolic syndrome between strains of mice.
B
oth rodents and humans exhibit a great variability in predisposition to obesity, insulin resistance, and development of diabetes. In humans, this variability is shown by the increased prevalence of obesity and diabetes in certain populations and the segregation of diabetes in families (1) (2) (3) . In rodents, we and others have shown that different mouse strains exhibit differential susceptibility to diabetes and diet-induced obesity (4) (5) (6) (7) (8) (9) (10) . For example, C57BL/6 (B6) mice on a high-fat diet develop severe obesity, hyperglycemia, and insulin resistance (8, 11) , whereas 129S6/SvEvTac (129) mice, which are often crossed with the B6 mouse to make genetic knockouts, are considered resistant to dietary-induced obesity and glucose intolerance (6) . Using intercross and F2 mice, we have recently shown that this diabesity phenotype of B6 mice is inherited in a dominant fashion, with at least four loci on three different chromosomes contributing to the phenotype (6) .
In rodents and human infants, a major defense mechanism against obesity is brown adipose tissue (BAT), which serves to increase energy expenditure through dissipation in the form of heat (thermogenesis) (12) . In rodents and humans, brown fat tends to be localized to the intrascapular and paraspinal regions, and the amount of BAT appears to decrease as mammals go from the neonatal to adult stage (13) . Increases in thermogenesis in BAT occur in response to the cold or to calorie intake, and ablation of BAT by use of a toxigene results in hyperphagia and obesity (14) . The protein responsible for thermogenesis in brown fat is uncoupling protein 1 (UCP1) (15) (16) (17) . UCP1 is located in the inner mitochondrial membrane and serves to uncouple oxidative phosphorylation by promoting a proton leak across the mitochondrial membrane, thereby generating heat and lowering ATP synthesis (18) . The major endogenous stimulator of thermogenesis and UCP1 expression is ␤ 3 -adrenergic stimulation through the sympathetic nervous system (16) . ␤ 3 -Adrenergic receptors are expressed predominantly in BAT, and stimulation of these receptors in mice increases oxygen consumption and UCP1 mRNA expression (19, 20) . Knockout of UCP1 in mice causes a decrease in oxygen consumption after ␤ 3 -adrenergic receptor agonist treatment and increased cold sensitivity (21) . Two other uncoupling proteins, UCP2 and UCP3, are more widely expressed than UCP1, but they appear to play important roles in mitochondrial function in only a few tissues. Although it was initially thought that UCP2 and UCP3 might allow tissues such as skeletal muscle also to contribute to thermogenesis and energy expenditure (22) , subsequent studies have found that this theory is not the case (23, 24) .
In the present work, we have explored differences in basal energy expenditure and its role in development of obesity and the metabolic syndrome in B6 and 129 mice. We found that 129 mice have higher rates of energy expenditure than B6 mice, which appears to be the result of unexpectedly high levels of UCP1 mRNA and protein and uncoupling in mitochondria isolated from hindlimb skeletal muscle of adult 129 mice. Careful morphometric analysis, however, demonstrates that the UCP1 is actually located in brown adipocytes interspersed in the perimuscular and intermuscular adipose tissue of the leg, that this ''ectopic'' brown fat is markedly more abundant in mice of the 129 strain, and that it is also subject to regulation by ␤ 3 -adrenergic stimulation. This previously unrecognized depot of brown fat-expressing regulatable UCP1 is sufficient to contribute to differences in energy homeostasis between strains of mice, and thus it represents a potential mechanism contributing to differences in the propensity to gain weight and development of the metabolic syndrome between animals of different genetic background.
Results
Effect of Diet on Fat Percent and Weight Gain. Mice were maintained on either a low-fat (14% of calories) or high-fat diet (55%) from the age of 6 weeks to the age of 24 weeks. As shown in ref. 6 , after Ϸ6 weeks the 129 mice exhibited significantly lower weights on both low-fat (P ϭ 0.043) and high-fat diet (P ϭ 0.021) compared with B6 mice (Fig. 1A) , and DEXA scans revealed that the percent body fat was Ϸ15% lower in 129 mice on both diets (P Ͻ 0.03) (Fig. 1B) . Thus, the calculated total fat mass of the 129 mice were 3.7 Ϯ 0.3 and 9.3 Ϯ 0.6 g on low-and high-fat diets, respectively, versus 7.5 Ϯ 0.7 and 15.6 Ϯ 0.7 for B6 mice. This pattern continued throughout the 18-week study such that the average weight gain in 129 mice was Ϸ52% and 45% lower than that of B6 mice on the low-fat (P ϭ 0.006) and high-fat diets (P ϭ 0.001), respectively (Fig. 1C) .
Food Intake, Feeding Efficiency, Activity Level, and Energy Expenditure. To determine whether the reduced fat percent and weight gain of 129 mice were the results of a lower food intake or higher energy expenditure, we measured the number of calories consumed by each strain for a 9-day period in the middle of the diet study. Surprisingly, despite their lower rate of weight gain, when adjusted for body weight, 129 mice consumed 39.9% more calories than B6 mice (P ϭ 0.021) on the low-fat diet and an equal number of calories on the high-fat diet (data not shown). The average caloric intake per mouse was 18.9 Ϯ 0.4 and 11.2 Ϯ 0.4 for the 129 mice on low-and high-fat diets compared with 16.7 Ϯ 0.2 and 14.1 Ϯ 0.4 for the B6 mice. Thus, feeding efficiency, i.e., weight gain per calorie ingested, was 62% lower in 129 versus B6 mice on the low-fat diet (P ϭ 0.021) and 33% lower in 129 on the high-fat diet (P ϭ 0.001) (Fig. 1D) (6) .
Energy expenditure was assessed by using indirect calorimetry (25) , and activity was assessed by housing mice in metabolic cages with movement sensors. As expected, both B6 and 129 mice exhibited their highest level of activity during the dark period ( Fig. 2 A and B) . When calculated over 24 h, the activity level was Ϸ50% lower in the 129 than the B6 mice on both lowand high-fat diets (P Ͻ 0.001) (Fig. 2C) (6) . Metabolic rate, i.e., O 2 consumption over 24 h, on the other hand, was 5-6% higher in 129 mice than in B6 mice on both diets during the light period, and it was as much as 14% higher on the high-fat diet during the dark period (6) . Furthermore, body temperature, especially on the high-fat diet, was higher in the 129 mice compared with the B6 mice (36.7 Ϯ 0.2°C versus 35.6 Ϯ 0.1°C; P ϭ 0.001).
Microarray Analysis of Gene Expression in Skeletal Muscle. In an attempt to define the mechanism of this difference in basal energy expenditure, gene expression was assessed by using Affymetrix microarrays on RNA from skeletal muscle of 6-month-old B6 and 129 mice that had been maintained on a regular chow (21.6% fat) diet. Interestingly, of the 12,488 genes and ESTs on the chip, the gene with the highest difference in expression between the strains was the gene encoding UCP1, which exhibited 52.4-fold higher expression in muscle of 129 versus B6 mice (P ϭ 0.056) (Fig. 3A) . Quantitative RT-PCR demonstrated an even greater difference, with muscle UCP1 gene expression being 110-fold higher in 129 than in B6 (P ϭ 0.0002) (Fig. 3B) . By comparison, UCP2 and UCP3 expression in muscle was similar between the strains.
Expression of Fat-Specific Genes. The finding of UCP1 in muscle of 129 mice was surprising because every effort had been made to remove all adjacent adipose tissue. To determine whether the finding might be caused by fat contamination, we analyzed the expression of three fat-specific genes, leptin, adiponectin, and aP2 (26) (27) (28) , in the same muscle samples, as well as in epididymal fat ( Fig. 3 C and D) . This examination revealed similar levels of expression of adiponectin and aP2 in the B6 and 129 muscle samples and a significantly higher level of leptin in B6 compared with 129 (P ϭ 0.023) (Fig. 3C) . In white fat from the same Fig. 1 . Weight, fat percentage, daily weight gain, and feeding efficiency of B6 and 129 mice. Mice were maintained on either a low-fat diet (14% of calories from fat) or high-fat diet (55% fat) starting by the end of puberty (around the age of 6 weeks). Dual-energy x-ray absortionmetry (DEXA) scanning was performed after Ϸ6 weeks on the diets. (A) Body weight at the time of DEXA scanning in B6 and 129 mice on low-fat (open bars) and high-fat diets (filled bars). B6 versus 129 mice on low-fat diet, P ϭ 0.043; on high-fat diet, P ϭ 0.021. (B) Fat percentage determined by DEXA scanning of B6 and 129 mice on low-and high-fat diets. B6 versus 129 on low-fat diet, P ϭ 0.021; on high-fat diet, P ϭ 0.029. (C) Average daily weight gain during the 18 weeks on low-and high-fat diets. B6 versus 129 on low-fat diet, P ϭ 0.006; on high-fat diet, P ϭ 0.001. (D) The mice were placed in individual cages, and food was measured every 3rd day. Feeding efficiency was calculated as weight gain per kcal of food intake in mice on both diets. Feeding efficiency was 2.6-fold lower in 129 versus B6 on the low-fat diet (P ϭ 0.021) and 1.3-fold lower in 129 on the high-fat (P ϭ 0.001). This latter result was previously reported as part of an analysis of the genetic determinants of energy expenditure and insulin resistance (6); together with the new data in A-C in this figure and the data in Fig.  2 , it demonstrates the full range of metabolic characteristics of diet-induced obesity in this cohort of these two strains of mice. All results are expressed as mean Ϯ SEM with four mice in each group. animals, although the expression of UCP1 was slightly higher in 129 mice, there were no significant differences in expression of leptin, aP2, or adiponectin ( Fig. 3D ) (note the difference in scales). Together, these data suggest that to the extent that there may be fat contamination of muscle samples, analysis of adipose marker genes indicated that it was very similar in B6 and 129 mice.
Proton Uncoupling. To determine whether increased UCP1 in muscle was functionally active, mitochondria were isolated from hindlimb muscle and BAT of B6 and 129 mice, and proton flux was determined. Interestingly, O 2 use and membrane potential in mitochondria from BAT of 129 mice respiring on succinate revealed an upward-left shift, indicating increased H ϩ flux at any given membrane potential, compared with B6 (Fig. 4A) . A similar, but smaller, increase in respiration of 129 versus B6 mice was seen in mitochondria isolated from hindlimb skeletal muscle (Fig. 4B) .
This increase correlated with differences in UCP1 expression by quantitative Western blotting, which revealed 1.4 Ϯ 0.2 g of UCP1 per mg of mitochondrial protein in hindlimb of 129 mice versus UCP1 protein at or below the level of detection. (Ͻ0.3 g/mg) in mitochondria isolated from muscle of B6 mice. Although low compared with the amount of UCP1 in BAT (73.4 Ϯ 5.5 and 41.6 Ϯ 5.5 g/mg of mitochondrial protein for 129 and B6, respectively; n ϭ 9-10), when multiplied by the relative mass of hindlimb muscle versus BAT, muscle-associated UCP1 adds at least an additional 10% over intracapsular BAT in 129 mice but represents Ͻ2.7% addition in B6 mice.
Morphometric Analysis of Fat in Muscle Samples and UCP1 Protein
Expression. Although all efforts were made to isolate skeletal muscle for gene expression and respiration studies free of all visible adjacent fat and connective tissue, some fat is always associated with muscle, as shown above by fat-specific gene expression analysis. To determine exactly how much fat is interspersed in skeletal muscle, a detailed morphometric analysis [see supporting information (SI) Methods] was done. In agreement with the gene expression for white adipose markers, the total amount of adipose tissue when quantified morphologically was slightly, but nonsignificantly, greater in the thigh muscle ( Fig. 5A ) and in the popliteal region (Fig. 5B ) of 129 versus B6 mice. On the other hand and surprisingly, UCP1 immunostaining ( Fig. 5C ) revealed small rests of multilocular brown adipocytes intermixed with white adipose tissue adjacent to the thigh muscle. Quantitation demonstrated that the number of UCP1-positive multilocular adipocytes in muscle of 129 mice was 6.8-fold higher than that within the thigh of B6 mice (P ϭ 0.008) (Fig. 5D ). More striking, fat in the popliteal region showed a Ͼ700-fold increase in UCP1-positive cells in 129 mice compared with B6 (P ϭ 0.008) (Fig. 5E ). When all representative sections were analyzed, the total number of UCP1-positive adipocytes interspersed in the posterior limb muscle of 129 mice was 9.1-fold higher than that in B6 mice (P ϭ 0.008). Within the limits of sensitivity, no UCP1 expression could be detected in either the white adipose tissue or the skeletal muscle itself.
This difference in intramuscular brown fat was further substantiated by immunoblotting. Thus, quadriceps and popliteal muscle samples dissected in the usual fashion from 129 mice revealed immunoreactive UCP1, whereas there was no detectable UCP1 in muscle samples in which the interspersed fat had been removed (Fig. 6) . By contrast, muscle samples prepared from B6 mice and epididymal white fat from both strains had no detectable UCP1 on immunoblot analysis.
Effect of ␤3-Adrenergic Receptor Agonist on UCP1 Expression. UCP1 in intrascapular brown fat is highly regulated by ␤ 3 -adrenergic receptor agonists. To determine whether this regulation was also true for UCP1 in intermuscular brown fat, 10-week-old B6 and 129 mice were treated with a ␤ 3 -adrenergic agonist (disodium(R,R)-5-[2-[2-(3-chlorophenyl)-2-hydroxyethyl]-amino]propyl]-1,3-benzodioxole-2,2-dicarboxylate) (CL 316,243) or saline for 7 days, and UCP1 expression was determined by real-time PCR. Basal levels of UCP1 mRNA expression in the treated control mice was similar in BAT of 129 and B6, and both responded with a 50-100% increase of UCP1 after treatment with the ␤ 3 -adrenergic agonist (Fig. 7D) . By contrast, basal levels of UCP1 were higher in hindlimb skeletal muscle and white fat samples from 129 mice compared with B6. Furthermore, after treatment with ␤ 3 -adrenergic agonist UCP1, gene expression rose in skeletal muscle, white fat, and brown fat of 129 mice versus B6 mice with the most significant increase in muscle (P ϭ 0.029) (Fig. 7 A-C) . Similar results were obtained in mice of 6-7 months of age.
Discussion
It has long been recognized that individual humans and different strains of rodents have significant differences in the propensity to gain weight and to manifest the metabolic syndrome. In the present work, we attempted to define the cause for this difference in mice by comparing the diabesity-prone B6 mouse with the diabesity-resistant 129 mouse. We find that the most important difference between these two genetic strains is a higher basal metabolic rate in 129 mice, which appears to be caused, at least in part, by previously unrecognized differences in the presence of brown fat in unexpected intermuscular locations. The difference in response to dietary fat between these two strains of mice is striking. The 129 mouse gains on average 32% less weight on a high-fat diet than the B6 mouse on either a lowor high-fat diet. DEXA scanning reveals that this difference can be accounted for entirely by lower fat mass in 129 versus B6 mice, which, surprisingly, is not the result of a lower caloric consumption or higher activity of the 129 mouse strain. Indeed, 129 mice actually have a significantly higher caloric intake on the low-fat diet, but the weight gain per gram of food eaten was 62% lower in 129 mice. In addition, oxygen consumption of the 129 strain is significantly higher than that in the B6 on both low-and high-fat diets. Together with other studies (29, 30) , this finding suggests that differences in metabolic rate could account for the resistance of the 129 mouse to gain weight. A clue to the potential mechanism of this difference came from the unexpected finding of markedly higher expression of UCP1 in skeletal muscle of 129 versus B6 mice. This finding led us to uncover a potential mechanism for differences in diabesity risk, namely genetically programmed differences in brown fat development, such that in the 129 mouse, there are significant collections of brown fat in regions not usually thought to have brown fat, i.e., within hindlimb skeletal muscle, allowing for significantly higher basal energy consumption.
Skeletal muscle has long been envisioned as an attractive site for unexpected energy expenditure because skeletal muscle represents a large tissue mass. Skeletal muscle is the major site for insulinmediated glucose disposal and a major determinant of the resting metabolic rate. Although UCP2 and UCP3 are normally expressed in skeletal muscle, most studies have indicated that UCP2 or UCP3 expression per se has no impact on energy expenditure (23, 24) , and in our studies and those of Surwit et al. (31) , UCP2 and UCP3 expression in muscle was not different between strains (see SI Discussion). It is well recognized that transgenic and knockout mice expressing ectopic UCP1 may exhibit altered energy metabolism (32) . For instance, Li et al. (33) have created mice overexpressing UCP1 in skeletal muscle, and they have shown that these mice are resistant to obesity, have lower glucose and insulin levels, and better glucose tolerance than control mice. Indeed, mice with UCP1 expression in muscle at only 1% of the level in BAT had a 98% higher oxygen consumption than wild-type mice (33), demonstrating how efficient UCP1 can be in its antidiabetic and antiobesity effect.
Two recent studies of knockout mice have suggested ectopic expression of UCP1 in muscle. Thus, mice lacking the transcriptional corepressor RIP140 are lean and resistant to high-fat diet-induced obesity and hepatic steatosis, and they have increased oxygen consumption. Interestingly, these mice have a Ͼ10-fold up-regulation of UCP1 gene expression in muscle as well as a 100-fold up-regulation in white adipose tissue (34) . Similarly, mice with knockout of the liver X receptor are defective in hepatic lipid metabolism, resistant to obesity when challenged with a high-fat/high-cholesterol diet, and exhibit ectopic expression of uncoupling proteins in muscle and white adipose (35) . In view of the findings of this work, however, these observations need to be revisited to determine the exact cell type expressing UCP1, which could well be interstitial brown fat in the muscle samples. Indeed, by both immunoblotting and immunohistochemistry, we did not detect any UCP1 expression in myocytes themselves. Furthermore, our data show that assessment of gene expression for markers typical of white fat, e.g., leptin, adiponectin, and aP2, is not sufficient to determine whether there are differences in intermuscular brown fat.
Although the actual level of UCP1 expression in the mRNA of muscle mixed with ectopic brown fat is low compared with isolated intrascapular brown fat pads, we believe that it is quite significant in terms of metabolism for two reasons. First, the high level of differential gene expression in muscle extracts of 129 mice compared with B6 of similar age in similar environments is indeed striking (110-fold) . Second, quantitative analysis of UCP1 protein expression in mitochondria isolated from hindlimb muscle (including the intermuscular brown fat) revealed that in 129 mice the intermuscular depot in the hindlimb would represent an amount of UCP1 equivalent to Ϸ10% of that in pure intrascapular BAT. Clearly, a 10% change in UCP1-mediated uncoupling over long periods of time would represent a considerable difference in energy expenditure. Furthermore, this increase in UCP1 protein is also paralleled by changes in proton conductance in isolated mitochondria of 129 mice versus B6 and a higher dissipation of energy as heat as measured by higher body temperature in 129 compared with B6 mice.
BAT is usually thought to be located to distinct depots, such as the intrascapular and paraspinal regions (36, 37) , although some brown adipocytes have previously been observed interspersed in areas of white fat, and they have been suggested to play a role in the regulation of body weight (38) . It has also been proposed that the regulation of UCP1 expression during induction of white to brown fat is genetically determined (38, 39) . Indeed, two studies have suggested that this genetic determination may occur at a higher rate in the obesity-resistant A/J mouse compared with B6 (32, 38) . The present study indicates that this phenomenon is more widely spread than previously recognized, and it is associated with increased basal energy expenditure, increased body temperature, and resistance to the whole metabolic syndrome. In our case, it also appears that these ectopic collections of brown fat are more sensitive to ␤ 3 -adrenergic agonists with induction of UCP1 than intrascapular brown fat, especially in the 129 strain.
BAT and UCP1 are attractive targets in the defense against obesity, but thus far they have been unsuccessful in humans (13) . As noted above, several studies in rodents suggest that elevated expression of UCPs can decrease the relative weight, although no studies have shown that depletion of UCPs causes increased body weight or adiposity (33) . In adult humans, BAT-expressing UCP1 mRNA has been found in patients with pheochromocytoma (40) and in fat tissue around the carotid arteries, in the subscapular region, and around the thoracic aorta in human adults who were heavy alcohol consumers (41) . The data of the current study would indicate that a thorough analysis of BAT and UCP1 in all depots, including intermuscular depots, in humans is warranted to determine whether small depots of BAT might be present in these areas and whether they might account for differences in susceptibility to weight gain in different individuals. Furthermore, this hypothesis needs to be explored in populations and individuals with different genetic risk for obesity and the metabolic syndrome. The genetically programmed differences in ectopic expression of BAT and UCP1 adjacent to the muscle in 129 mice may help these mice to have an increased thermic response to a high-fat diet and thereby avoid becoming obese and developing the extreme metabolic syndrome observed in other strains like the B6.
Experimental Procedures
Animal Protocols. Wild-type B6 and 129 male mice (Taconic, Germantown, NY) were maintained on a low-fat diet containing 14% of calories provided from fat, 25% from protein, and 61% from carbohydrates (Taconic); a high-fat diet containing 55% fat, 21% protein, and 24% carbohydrates (Harlan Teklad, Madison, WI; ref. 6); or a standard chow containing 21% calories from fat, 22% protein, and 57% carbohydrates (PharmaServ, Framingham, MA). Food intake was measured by placing the mice in individual cages and weighing the food every third day during a 9-day period. Body temperature was measured by using a Traceable Expanded Range thermometer with bead type-K probe (Fisher Scientific, Pittsburgh, PA). The mice were maintained on a 12-h light/dark cycle. All protocols for animal use were reviewed and approved by the Animal Care Committee of the Joslin Diabetes Center, and they were in accordance with the National Institutes of Health guidelines.
Indirect Calorimetry, Activity, and DEXA Scanning. DEXA scanning was performed on a Lunar PIXImus mouse densitometer (GE Healthcare, Piscataway, NJ) on anesthetized 3-month-old B6 and 129 male mice (four per group) that had been on a low-fat or high-fat diet for 6 weeks. The mice were then placed individually in indirect calorimetry chambers (Oxymax OPTO-M3 system; Columbus Instruments, Columbus, OH). After 48 h to allow for adaptation, O 2 consumption was measured every 30 min for 24 h, and activity was measured as beam break counts.
RNA Isolation, cRNA Preparation, and Array Hybridization and Analysis. Skeletal muscle, intrascapular brown fat, and epididymal white fat pads were removed from 6-month-old B6 and 129 mice maintained on a standard chow. Total RNA was extracted and purified with RNeasy (Qiagen, Chatsworth, CA), and a total of 25 g pooled from two or three mice was used for cRNA synthesis (42) . Fifteen micrograms of cRNA was hybridized on murine U74Av.2 chips (Affymetrix, Santa Clara, CA). The data were normalized to 1500 by using the GeneChip software MAS 5.0 (Affymetrix). Three or four chips were used for each strain.
Quantitative RT-PCR Using the SYBR Green Procedure. Mice were killed at Ϸ4 months of age, and tissues were removed and frozen immediately in liquid nitrogen. cDNA was prepared from 1 g of RNA by using an Advantage RT-PCR kit (BD Biosciences, San Diego, CA). Five microliters of cDNA was used in a 25-l PCR (SYBR Green; PE Biosystems, Foster City, CA), run in duplicate, and quantitated in the ABI Prism 7700 sequence system (Applied Biosystems, Foster City, CA) with standards on every plate to allow normalization. For the experiment shown in Fig. 3B , individual RNA samples were used (n ϭ 11).
Proton Leak Kinetics. Mitochondria were isolated as described in refs. 24 and 43 from muscle of 10 mice. Respiration and mitochondrial inner membrane potential were determined simultaneously (24) . Mitochondrial inner membrane potential was calculated by using the Nernst equation based on the distribution of the lipophilic cation tetraphenyl phosphonium (24) . Mitochondrial matrix volumes were 1.83 Ϯ 0.17 l for hindlimb of B6 mice, 2.00 Ϯ 0.09 for hindlimb of 129 mice, 1.62 Ϯ 0.22 for BAT of B6 mice, and 1.97 Ϯ 0.32 for BAT of 129 mice (mean Ϯ SEM, n ϭ 5). Corresponding binding corrections were 0.29 Ϯ 0.07, 0.31 Ϯ 0.09, 0.39 Ϯ 0.02, and 0.44 Ϯ 0.03 (mean Ϯ SEM, n ϭ 5). The proton leak was assessed as described in SI Methods.
Morphology and Western Blotting. Thirteen-week-old male mice (five B6 and five 129) maintained on a regular chow (Charles River Laboratories, Calco, Italy). Mice were anesthetized with ketamine in combination with xylazine, killed, and perfused intraaortically with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). Posterior limbs were removed, and the muscles were prepared for histology and Western blotting as described in SI Methods.
Administration of ␤3-Adrenergic Receptor Agonist. B6 and 129 mice were anesthetized as described above. ␤ 3 -Adrenergic receptor agonist CL 316,243 (Sigma-Aldrich, St. Louis, MO) is a potent ␤-adrenergic agonist. Mice (eight per group) were administered either saline or the ␤ 3 -adrenergic agonist (1 mg/kg each day) for 7 days by an Alzet osmotic minipump (Alza, Palo Alto, CA) implanted s.c. along the back. Mice were killed on the seventh day after minipump implantation.
Statistical Analysis. The Statistical Package of Social Science for Windows, version 11.5 (SPSS, Chicago, IL) was used for the statistical analyses. Significance was analyzed by nonparametric tests (Mann-Whitney U test or Kruskal-Wallis), and a P value Ͻ0.05 (two-tailed) was considered significant.
